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UCRL-18607 I. PRINCIPLE OF OPERATION
An atomic beam of hydrogen or deuterium is produced by dissociating H2 of D2 gas in a discharge tube, and by collimating the beam with a series of diaphragms in a differential vacuum system .
The beam is injected into a sextupole magnetic field, where it is split into its hyperfine-structure (hfs) components. Half of the components (two for hydrogen, three for deuterium) conve:r:ge toward the symmetry axis of the field and are transmitted; the other half is lost against the sextupole magnet and the vacuum enclosure walls. At the end of this stage, in a weak magnetic field the beam would be only partially polarized. Means are provided to measure the density of the atomic beam and the ion current. A simple polarimeter allows one to measure the deuteron tensor polarization before injection. The vector polarization of the proton and deuteron beam cannot be measured by simple means at low energies.
The source has been designed to give up to 10 uA of protons and deuterons with energy up to 20 keV and polarization ± 1 (protons), ± 2/3 (deuterons, vector), ± 1 (deuteron, tensor). The first element from'the top is the "h8.irpin" pyrex dissociator tube, in which H2 and D2 molecules are dissociated into ,atoms. The dissociating discharge is of the el~ctrodeless type, driven by a 1.5 kW, 20 MHz self-excited oscillator, capacitively coupled to it. The use of this type of oscillator has proved convenient, since its operation remains stable during rapid variations of the physical parameters of the discharge , such" as pressure and temperature. The gas is admitted to the discharge tube through a remotely operated gas metering valv,e, coupled with an automatic pressure' '4 regulator.
Operating pressure in the discharge is in the range of 2 Torr, with gas flow in excess of 100 atm cc per minute.
The atomic beam is' formed and collimated by three orifices. The first pierced at the end of the glass tube, shows a double-conical shape and forms, together with the second, a Laval nozzle-skimmer arrangement. 5
The diameter of these orifices is 2.5 mm and their separation, in the best experimental operating conditions is 4 mm. The third orifice, located at the sextupole entrance has a diameter of 4 mm and is 7 cm away from the second. Second and third orifices are pierced through tantalum inserts, the choice of Ta being suggested to minimize possible damaging effects by the ions outstreaming from the dissociator. The geometry of the orifice system is shown in Fig. 4 .
-2 Pressure inside the Laval' nozzle arrangement is 10 Torr, maintained 6 ' by a 1000 em roots blower. At this pressure the' mean free path of, the • .,
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hydrogen atoms is about 1 cm. The gas flow out of the d5scharge tube is '1 T lOt / "th t dOt" " 1 9 / ' orr-1. er sec l.:n e presen con 1. 1.ons, or approx1.mately 10 atollls, sec, , , 11
of which, according to the Laval nozzle theories, about 10 'should be 7 contained in the final beam.
The pressure in the "COllimation region", between the second and, the third orifice,is 10- The pole tips are assembled in a single unit and are removable to allow for future improvements.
In a perfect sextupole, the field components are:
In this field, the radial force acting on a neutral atom of magnetic moment 11 is:
provided that B is strong enough to allow one to disregard the dependence ' .
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,Ii In the weak field transition, the oscillating magnetic field should be oriented perpendicularly-to the static, adiabatic, field.. It -is produced accordingly by a 1 em diameter -3 cm long coil through which the beam passes.
The 7~5 MHz oscillator (5 W output power) is a very small unit completely contained in the vacuum.
In the intermediate field transition, the oscillating field must be parallel to the static field. Therefore it is produced by a hairpin loop, formed by a couple of 3 cm long plates parallel to the be!?Jll, bridged at one side. The 300 -400 MHz oscillator is of the tuned-plate, tuned~grid type (150 W output) and is connected to the coil by a 1.5 m long cable . The polarized ion source and axial line controls have been gathered together in a 5-rack console plus other racks, by the side of the system above the cyclotron vault shielding roof. Some of the most important controls will be also operated remotely from the cyclotron control room. Figure 9 shows the control area on the vault roof. Fi g . 8.
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